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INTRODUCTION 



The Province of Ontario has been engaged in Lake 
Ontario water quality surveillance since the begin- 
ning of this century. Earliest records are contained 
in reports dealing with investigations of potable 
water supplies carried out following the signing of 
the 1909 Boundary Water Treaty between Great Britain 
and the United States of America. Beginning in 1967, 
an extensive nearshore monitoring network was devel- 
oped by the Province leading to establishment of a 
comprehensive Lake Ontario water quality surveillance 
program. This program was set up to evaluate the 
effectiveness of remedial and preventive measures and 
to assess the suitability of the nearshore for 
various water uses. 

In the period 1967-1975, the nearshore monitoring 
network consisted of stations set out along a partial 
one-mile grid. Representative of studies carried out 
during this period is information collected in 1972 
which subsequently was summarized in a publication 
entitled "Great Lakes Water Quality Data - 1972". In 
order to improve the area! resolution of nearshore 
water quality, the original sampling grid was modified 
in 1976 to a transect system which, following 
refinement, represents the present monitoring design. 



The purpose of this publication is to present the 
most recent data which are indicative of the trophic 
state of the Canadian nearshore waters of Lake 
Ontario. Data summarized in this Atlas span the 
period from 1976 to 1979 and include information on 
regional and temporal (annual) differences in water 
quality based on spring conditions. Complementary 
programs addressing issues other than eutrophi cation 
such as trace contaminant distribution, bacterio- 
logical water quality degradation, and problem area 
assessment are dealt with in separate publications. 
Water quality and related data collected by the 
Ministry of the Environment in Lake Superior, Lake 
Huron, Georgian Bay, Lake Erie and in the inter- 
connecting channels can be found in numerous other 
reports . 

The present report should be of use to those who are 
interested in water quality conditions in Lake 
Ontario, to those who are concerned with regional 
nearshore developments and to those who may be under- 
taking studies in the area. We feel this Atlas not 
only provides a data base against which future changes 
in the nearshore can be assessed, but also serves as 
a useful tool for guiding future development planning 
along the Lake Ontario nearshore zone. 



GUIDE TO ATLAS USE 

To gain an insight into the water quality conditions 
observed in the Lake Ontario nearshore band for any 
reported year, or to better comprehend the temporal 
trends occuring in a nearshore region of interest , 
read a brief description on the subject presented in 
sections "Regional Water Quality" and "Temporal Water 
Quality", and study the corresponding coloured maps 
and graphics, If uncertain of scientific terminology 
or abbreviations, .look up their significance or 
meaning under "Significance of Water Quality 
Variables", "Glossary" and "Symbols and 
Abbrevi ations" . 




Extensive computer facilities are used to handle a 
large data base generated by numerous surveillance 
programs . 



The following guide is intended to aid in the 
interpretation of information presented in the 
coloured maps: 

Zone water mass which is significantly different 
from the remaining zones 

N number of stations within each of the zones 

Mean arithmetic mean of all stations within each 
zone based on an average of three replicates 
(runs) per station (geometric mean was used 
in the case of heterotrophic bacteria) 

SD standard deviation of above mean 

Range Maximum and minimum station means observed 
within each zone. 

To obtain original numerical data for areas and years 
of specific interest, look up corresponding station 
numbers presented on the transect location maps and 
address your parameter request to: 

Ministry of the Environment 

Water Resources Branch 

Planning & Co-ordination Section 

Great Lakes Surveys Unit 

135 St, Clair Avenue West 

Toronto, Ontario, Canada 

M4V IPS 

This information is stored on the SIS data base 
system and is only available on microfiche. 



^M 



SURVEILLANCE DESIGN 



Rationale 

Water quality in the near shore area of Lake Ontario 
is exceedingly difficult to monitor because of this 
zone's dynamic state. In the spring a thermal bar 
develops, limiting exchange between the nearshore 
(inside the thermal bar) and offshore (beyond the 
thermal bar) water masses. In early summer, thermal 
stratification sets in, effectively isolating the 
epilimnetic (top) from the hypolimnetic (bottom) 
waters, A strongly stratified situation, however, is 
rare in the near- shore band since upwel lings and 
downwel lings dominate the physical processes, thus 
exchanging vast water masses with nearly regular 
frequencies, Superimposed on the macroscale 
dynamics, are smaller fluctuations such as seiches, 
which further complicate the study of this zone. 

In order to appreciate the variability in water 
quality one must also become familiar with the 
seasonal changes which take place in the lake. In 
the winter, isothermal conditions permit complete 



mixing of waters and regeneration of nutrients from 
sediments, with the result that in late winter, 
nutrient levels become elevated throughout the water 
column. In the spring, additional nutrients from 
spring runoff and rising water temperatures act to 
stimulate growth of diatoms. Spring chlorophyll con- 
centrations depicted in this Atlas likely represent 
certain stages of the spring diatom pulse. However, 
since the onset, duration and intensity of the spring 
diatom pulse are highly variable from year to year, 
interpretation of chlorophyll a data based on spring 
conditions should be done with caution. By late 
spring, algal blooms largely deplete the surface 
(epi limnetic) waters of nutrients, while dead algal 
cells sink downward into the water column where they 
release their nutrients (through microbial action) 
into the hypolimnetic waters. Nutrient depletion in 
the epilimnion continues during the sunnier, when 
green algae predominate and further remove phosphorus 
and nitrogen from the waters. In the fall, the lake 
cools and strong winds tend to break down the 
remaining stratification with the result that, by 
early winter, the nutrient-rich hypolimnetic waters 
are once again mixed with the rest of the lake. 



The Ministry of the Environment has developed a 
strategy for monitoring the nearshore areas of Lake 
Ontario with an aim to assessing both spatial and 
temporal (annual) differences while taking into 
account the physical processes governing this active 
region. 

By restricting its synoptic nearshore surveillance 
activities to the spring period, the Ministry 
optimizes its monitoring effort by taking advantage 
of vertical homogeneity prevailing in the water 
column at that time, and consequently being able to 
restrict sampling to surface waters only. Spring 
sampling has the added advantage of permitting an 
increased resolution of nearshore regional 
differences in water quality since the thermal bar 
accentuates the effects of shore inputs by 
restricting their complete mixing with the open 
lake. Furthermore, data collected in the spring are 
subjected to less temporal variability than those 
collected in the summer months when the physical 
processes, such as upwel lings, acting upon the 
nearshore region are far more disruptive to its 
integrity. 



Station Locations 

The evolution of the nearshore transect design can be 
followed over the 1976-1979 period by examining 
station location maps. Although during this time 
transect locations have shifted somewhat to better 
resolve regional differences -and inshore- offshore 
gradients, the basic concept has remained unchanged. 

All transects have been set up perpendicular to the 
shoreline with stations selectively located along 
depth contours of 4, 8, 12, 16, 32 and 50 metres. In 
1979, there were approximately 180 stations in the 
nearshore area between the Niagara River mouth and 
Oshawa, Station locations for the 1976-1979 period 
are presented in Appendix B. 

The offshore region of Lake Ontario is monitored by 
the Federal Department of the Environment. 

Sampling Procedures 

Sampling commences each spring soon after the onset 
of the thermal bar. Surface (1.5 metres) samples are 
taken in triplicate runs at each of the designated 
stations. A fable summarizing sampling periods for 
each survey component (run) is presented in 



Appendix B. All samples are treated in compliance 
with standard procedures outlined in the Ministry 
publication entitled "A Guide to the Collection and 
Submission of Samples for Laboratory Analysis". In 
the laboratory, the samples are analyzed for a set of 
parameters designed to assess the trophic status of 
the waters. In addition, temperature, dissolved 
oxygen, pH and seech i depth readings are taken in the 
field, A summary of all parameters now available on 
the SIS system for the 1976-1979 period is given in 
Appendix B. Please note that a majority of these, 
but not all, have been mapped out in this Atlas. 





above 

The Hansen bottle is often employed in 
the collection of water samples, 

left 
Certain analyses, sueh as dissolved 
oxygen, require immediate on-hoard 
de terminations . 



DATA ANALYSIS 



This Atlas presents both spatial and temporal 
summaries of Lake Ontario nearshore water quality 
data. 

Regional Water Quality 

Regional differences in water quality have been deter- 
mined through a statistical procedure "' which has 
partitioned the nearshore band into statistically 
different areas. A regression model was used to 
separate the temporal (between replicate runs) 
variability from spatial (between station) 
variability. All data, with the exception of 
temperature (which was plotted as isotherms), were 
subjected to this grouping model and subsequently 
presented pictorially in the accompanying maps 
(Appendix C). 

All nearshore stations, with the exception of those 
located at river mouths and in small harbours, were 
used in the analysis. Because of their high varia- 



bility, river mouth and small harbour stations were 
excluded from the grouping analysis. On the other 
hand, the two largest harbours on the lake, Toronto 
and Hamilton, have been included in the grouping 
model, by using their centrally located stations. It 
should be borne in mind, however, that these stations 
represent a conservative estimate of water quality in 
these two harbours and do not reflect the spatial 
differences existing within the harbours themselves. 
For further information on Toronto and Hamilton 
Harbours please refer to the series of Ministry 
reports dealing specifically with these bodies of 
water. 

The coloured maps represent the spatial variability 
inherent in the nearshore areas during spring 
conditions. The levels of a variable in question are 
statistically similar within each of the designated 
zones while at the same time being significantly 
different from those in all other zones. Please note 
that although the mean concentrations characterizing 
each zone are obviously different from each other, 
the ranges between the zones occasionally overlap as 
a result of transformation procedures necessitated by 
the statistical analyses. 



(1) A.H. El-Shaarawi and R.E, Kwi atkowski . A model 
to describe the inherent spatial and temporal 
variability of parameters in Lake Ontario 1974. J. 
Great Lakes Res., December 1977. 



Temporal Nater Quality 

Changes occurring within the near shore areas of Lake 
Ontario over the last thirteen years (1967-1979) have 
been documented (Appendix A) through linear 
regression analyses performed on spring data 
collected in the following four regions: Niagara to 
Jordan harbour, Jordan harbour to Oakville, Qakville 
to Ashbridges Bay and Asbridges Bay to Ajax. These 
areas were chosen on the basis of regional 
differences observed through the statistical analyses 
previously discussed, The linear regression chosen 
to assess the temporal trends was thus based on 
spring arithmetic means of all stations sampled 
within each area with the exception of stations 
located at input sources. These stations were 
deleted from the trend analyses in order to minimize 
small scale localized effects and reduce variability 
and scatter in the data. The statistical 
significance of the computed regression line was 
tested through an analysis of variance at a 95% 
confidence level. 

Temporal water quality trends are not only a function 
of the loading regime but also reflect the effect of 
environmental factors which govern the response of 
the nearshore zone, Thus, anticipated changes in 



nearshore water quality, as a result of abatement 
measures, are not always clearly apparent due to data 
scatter and varying environmental conditions 
experienced from one year to the next. Consequently, 
interpretation of temporal trends should be done in 
conjunction with a consideration of supporting 
variables as well as a good understanding of factors 
governing the variability of the parameter in 
question. 

For example, apparent increases in chlorophyll a may 
not be necessarily a function of increased phosphorus 
inputs but may simply reflect lower water levels or 
higher water temperatures prevailing at the time of 
sampling. Consequently, in-depth interpretations of 
temporal trends must take into account not only the 
loading regime but also such factors as 
precipitation, water temperatures, water levels, 
thermal bar advance and ultimately, the residence 
time of the load. A brief synopsis dealing with some 
of the factors governing the temporal variability of 
selected water quality parameters is presented in the 
following table to familiarize the reader with the 
complexity of temporal trend interpretation. Due to 
the non-scientific nature of this publication, only a 
limited number of responses to environmental factors 
are dealt with. 



FACTORS RESPONSIBLE FOR VARIABILITY IN SELECTED MATER QUALITY INDICATORS 



RESPONSE TO ENVIRONMENTAL FACTORS 



WATER QUALITY 
VARIABLE 



INHERENT VARIABILITY 



TEMPERATURE 



WATER LEVELS 



PRECIPITATION 



NH 3 , N0 2 , 
NO3 



REACTIVE 
SILICATE 



High variability, a 
function of the Nitrogen 
Cycle transformations, 
including N immobilization, 
mi nera 1 1 z ati on , n 1 tr i fi ca- 
tion and denitrifi cation. 



Complex effect since 
temperature has a 
marked influence on N 
regeneration, turnover 
and assimilation 
processes. 



High variability, a 
function of biological 
assimilation rates, 
especially in presence 
of di atoms. 



HETEROTROPHIC 
BACTERIA 



High variability, a 
function of bacterial 
growth patterns. 



Since this variable is 
bi ol ogi cal 1 y acti ve , 
temperature has an 
effect on reaction 
rates. 



An increase in water 
temperature often 
stimul ates bacteri al 
cell division leading 
to higher heterotroph 
populations. 



Complex effect. 



Complex effect 



During high water level 
years, increased 
shoreline erosion may 
co n t r 1 bu te silicates 
to the water. 



Complex effect. 



Complex 
effect. 



Higher nutrient 
loadings associated 
with runoff conditions 
may enhance growth of 
heterotrophic 
bacteri a. 
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FACTORS RESPONSIBLE FOR VARIABILITY IN SELECTED WATER QUALITY INDICATORS 



RESPONSE TO ENVIRONMENTAL FACTORS 



yATER QUALITY 
VARIABLE 



CONDUCTIVITY 



INHERENT VARIABILITY 



TEMPERATURE 



Moderate variability a 
function of inputs such 
as rivers, shoreline 
erosion etc. 



Probably little 
effect. 



WATER LEVELS 



During high water level years, 
increased shore- erosion may 
contribute to higher 
conductivity levels. 



PRECIPITATION 



Higher conductivity 
often is associated 
with storm events. 



CHLOROPHYLL a 



Moderate to high 
variability, a function 
of algal growth patterns. 



An increase in water 
temperature stimulates 
algal growth 
resulting in higher 
ch 1 orophy 1 1 ^ 1 eve 1 s . 



Low water levels in certain 

instances may change the 
mean nearshore water depth 
leading to an alteration in 
spring warming patterns 

and a shift in spring algal 
bloom occurrence. 



Higher input loadings 
as a result of runoff 
may increase levels of 
avail able nutrients and 
thus enhance algal 
growth. 



SECCHI DEPTH 



High variability, a 
function of suspended 
sediments, algae, etc. 



FILTERED Moderate to high 

REACTIVE variability, partly a 

PHOSPHORUS function of biological 

assimilation - excretion 

rates . 



Higher temperatures 
may stimulate algal 
blooms resulting in 
low Secchi depth 
readings. 



Since this variable 
is biologically 
ac t i ve , tern per at ur e 
has an effect on 
reaction rates. 



During high water level years, 
increased shoreline erosion 

may contribute to high 
suspended solid content in 

the water and consequently 
low Secchi depth readings. 



Runoff -ass oci ated 1 oad- 
ings may contribute to 
higher suspended solid 
content and consequently 
lower Secchi depth 
readings. Also see: 
chlorophyll a. 



Complex effect. 



R un off - as s oc i at ed 
loadings may contribute 
to increased concentra- 
tions in water. 



SIGNIFICANCE OF WATER 
QUALITY VARIABLES 



One of the chief aims of the Ministry of the 
Environment's nearshore surveillance program is to 
monitor the effectiveness of phosphorus removal 
programs by assessing the trophic status of the 
nearshore waters. This is accomplished largely 
through the monitoring of phosphorus and chlorophyll 
a levels in the nearshore region, Since phosphorus 
has been shown to be an important limiting factor for 
phytoplankton growth, cultural eutrophi cation, or the 
increase in the input rate of nutrients (notably 
phosphorus) from human activities, has been singled 
out as the prime cause of biomass increases in the 
Great Lakes. Cognizant of the relationship between 
phosphorus and eutrophi cation, the water management 
strategies encompassed in the Great Lakes Water 
Quality Agreement of 1978 signed by the United States 
of America and Canada included provisions for 
stringent controls on phosphorus loadings arising 
from human sources, 



A brief description, emphasizing the importance of 
trophic indicators and supportive variables chosen 
for presentation in this Atlas, is given below. The 
reader is urged to supplement this discussion by 
referring to a booklet entitled "Water Management 
Goals, Policies, Objectives and Implementation 
Procedures of the Ministry of the Environment", 
published in November, 1978. 

Temperature 

Water temperature is important, and at times 
critical, for many uses of water. It determines the 
solubility of gases, directly affects biological and 
chemical reaction rates and equilibria and governs 
the suitability of waters as an habitat for aquatic 
life, An understanding of the thermal structure 
prevailing during the spring period is essential for 
proper interpretation of water quality information 
presented in this Atlas, Of prime importance is the 
presence of the thermal bar which is defined as a 
4°C transition zone between the warmer nearshore 
waters and the colder mid-lake waters. Since water 
density is greatest at 4°C, the thermal bar serves 



as a density barrier which impedes mixing of near shore 
water masses with the open lake. As a result, the 
effect of shore inputs on nearshore water quality is 
accentuated and plumes arising from direct discharges 
become well defined. 

Conductivity (Specific Conductance) 

The determination of specific conductance is a method 
of measuring the ionic strength of water. Ionized 
chemical compounds present in surface waters either 
naturally, or as a result of man's activities, 
include: calcium, magnesium, sodium, bicarbonate, 
carbonate s chloride, nitrate, nitrite and sulphate. 
Since there is a direct correlation between the total 
concentration of ionic species dissolved in water and 
specific conductance, this parameter is a sensitive, 
although indirect indicator of water quality changes. 

Secchi Depth 

A Secchi depth reading is a measure of water clarity. 
A Secchi disk is a black and white disk, 20 cms in 
diameter, which is lowered into the water column to a 
depth at which it is just visible. The Secchi depth 



measurement can be used to estimate the depth to 
which white light penetrates the water column and can 
still be usable by algae for photosynthesis and 
growth. This usable light depth is roughly 
calculated to be twice the Secchi depth. Factors 
responsible for low Secchi depth readings are 
suspended and colloidal matter Including sediment 
particles, algal cells and inorganic detritus as well 
as colour. Most often, low Secchi depth readings are 
caused by algal blooms or suspended solid inputs from 
eros i on , 1 andf i 1 1 i ng , dredg i ng , ri ver runoff and/or 
industrial inputs. 

Chlorophyll a 

Chlorophyll a is a green photosynthetic pigment 
common to all algal groups. Because of its ubiquity 
in algae, chlorophyll a can be used as an indirect 
measure of algal densities present in the water. 
More specifically, chlorophyll _a levels provide an 
appropriate measure of algal biomass which can then 
be used to assess the effectiveness of nutrient 
removal programs as well as to determine the relative 
trophic status of the waters. Although a universally 
acceptable trophic classification based on 
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chlorophyll a is still being developed, some 
authors"' have set the following arbitrary limits 
as guidelines: 

eutrophic waters - chlorophyll a: >8,8 ug/L 
mesotrophic waters - chlorophyll a: 4.4-8,8 ug/L 
oligotrophic waters - chlorophyll a: <4.4 ug/L 

Major problems associated with high algal populations 
include taste and odour in drinking water supplies, 
clogging of water intake filters, oxygen depletion, 
alteration of aquatic habitat, and aesthetic 
impairment. Only infrequent and isolated instances 
of these problems have taken place in Lake Ontario 
near shore areas thus far. 

Phosphorus (Total and Filtered Reactive) 



period should not generally exceed 20 ug/L. Filtered 
reactive phosphorus is comprised largely of ortho- 
phosphates, which are considered to be the forms of 
phosphorus available for assimilation and * growth by 
algae. Sources of phosphorus to lakes are: untreated! 
and treated sewage, some industrial wastes, urban 
stormwater, agricultural drainage, and direct 
precipitation. 

It is widely believed that a reduction in phosphorus 
input into the Great Lakes will result in decreased 
algal populations and minimization of associated 
eutrophi cation problems. Provisions for control of 
phosphorus are outlined in detail in the "Great Lakes 
Water Quality Agreement of 1978", signed by Canada 
and the United States of America. 



Phosphorus is an essential nutrient for all living 
systems including algae. Total phosphorus is a 
measure of phosphorus content in a water sample and 
consists of phosphorus found in dissolved forms as 
well as in organic forms, including the algae 
themselves. To avoid nuisance concentrations of 

algae in lakes, it is suggested that the average 
total phosphorus concentrations during the ice-free 



1) 



Dobson, H.F.H., PL Gilbertson and P.G. Sly. 



A summary and comparison of nutrients and related 
water quality in lakes Erie, Ontario, Huron and 
Superior. J. Fish Res. Board Can. 31: 731-738. 12 



Nitrogen (Organic Nitrogen, Ammonia, Nitrate, Nitrite) 

Nitrogen is an essential element required by all 
biological systems including algae. The principle 
forms of nitrogen occurring in aquatic ecosystems are 
ammonia (NH 3 -N), nitrate (N0 3 -n), nitrite (N0 2 -N) 
and organic nitrogen. Total Kjeldahl nitrogen 
includes nitrogen present in the organic form and as 
free ammonia. 



Organic nitrogen is an essential constituent of 
protein in all living organisms, including algae, 
All inorganic forms of nitrogen (NHL-N, NGL-N, 
MCL-N) are available to algae for assimilation and 
growth, with preferential uptake exhibited towards 
aomonia. The concentration of various nitrogen forms 
in water is the result of complex interactions, 
including mineralization, nitrification, and 
denitrif i cation. Consequently, since the levels of 
inorganic nitrogen forms exhibit considerable 
variability, caution must be exercised in all data 
interpretation and especially in that pertaining to 
temporal trend analysis. 

Principle sources of nitrogeneous compounds include 
municipal waste inputs (largely NHL), drainage from 
agricultural areas (mainly N0 ? and 
and processed waste from chemical and steel 
plants (NH 3 , N0 2 and N0 3 ). 



fertilized 



N0 3 ) 



Reactive Silicate 

Silicate is essential for the growth of diatoms and 
some species of Chrysophyceae and Xanthophyceae but 



1 ably not for most other groups of algae. The 
assimilation of silicates by diatoms is directly 
connected with the formation of new cell walls 
following cell division. Spring diatom blooms tend 
to deplete epi limnetic waters of silica, with the 
result that diatoms usually do not come back into 
dominance until fall overturn which results in silica 
replenishment from hypolimnetlc waters. 



Heterotrophic Bacteria 

Heterotrophic bacteria are a group of micro-organisms 
that require some form of organic carbon for their 
growth, as opposed to the rest of the bacterial 
community which is capable of surviving solely on 
inorganic substrates. Populations of heterotrophic 
bacteria reflect the availability of organic nutrient 
sources, and thus densities of these organisms in 
eutrophic waters are generally much higher than those 
found in oligotrophic waters. 
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GLOSSARY 



DIATOMS 



ALGAE 



AREAL 
BLOOM 

CHRYSOPHYCEAE - 

COLLOIDS 



CONFIDENCE 
LEVEL 



a group of aquatic plants which may 
be unicellular or multicellular and 
range from microscopic (most 
phytopl ankton) to macroscopic (eg. 
Cladophora , a large filamentous alga 
which is sometimes found in mats 
growing or accumulating along 
shorelines), 

spati al 

a sudden increase in the abundance 
of algal populations. 

a class of algae, usually brown in 
colour, 

very small particles which tend to 
remain suspended and dispersed in 
1 i qu i ds . 

The probability (expressed as a 
percentage) that a tested 

statistical relationship is true. 



DOWNWELLING 

EPILIMNION 
EUTROPHICATIQM 



EUTROPHIC 



GEOMETRIC MEAN 



GRID 



HYPOLIMNION 



ISOTHERM 



- a class of algae which possess a 
cell wall consisting of two 
distinct halves impregnated with 
si 1 i ca . 

- see UPWELLING. 

- see STRATIFICATION. 

- an increase in the input rate of 
nutrients into a body of water with 
a resultant increase in biomass. 

- see TROPHIC STATE. 

- an ant i log of the mean of 
logarithmically transformed data. 

- a network of stations forming the 
basis of map references. 

- see STRATIFICATION 

- a line joining equal values of 
temperatures. 



LINEAR 
REGRESSION 

MEAN 



MESOTROPHIC 

pH 



PLUME 



SEICHE 



THERMAL 
STATIFICATION 



relation of one variable to another 
expressed as a straight line 

an average defined as the sum of all 
observations divided by the number 
of observations. 

see TROPHIC STATE, 

a measure of the hydrogen ion 
content of water on an 

alkalinity-acidity scale. Neutral 
waters have pH7, acidic less than 
pH7 and alkaline greater than 



a zone of influence associated with 
a point source discharging into a 
body of water. 

a standing wave in a lake mani- 
f es ted by per i od i c os c i 1 1 at i on of 
water, commonly set up by prolonged 
uni -directional winds. 

a partitioning of a water column 
into distinct thermal layers. 
Following spring warm-up, the lake 



THERMAL BAR 



TRANSECT 



TROPHIC STATE 



becomes divided into the following 
three regions which are strongly 
resistant to mixing with each other: 
Ep11 iron ion - a warmer upper stratum, 
Thermocline - a thermal gradient 
zone which represents the 
transition between the upper warm 
waters and a lower cold layer, 
Hypolimnion - a colder lower layer. 

a narrow transition zone consisting 
of a nearly vertical 4° centigrade 
isotherm which develops in the 
spring and separates the warmer 
nearshore waters from colder open 
water masses. 

a line, perpendicular to the shore- 
line, along which stations have been 
selected. 

a classification of water bodies 
based on their supply of nutrients. 
Eutrophic waters have a good supply 
of nutrients and therefore are 
capable of rich biological 
production. Mesotrophic waters are 
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i ntermed i ate i n char acteri sti cs 
between eu trophic and oligotrophic 
waters. Oligotrophic waters are 
poorly supplied with nutrients and 
s upp or t 11 mi ted bl o 1 og 1 ca 1 

production. 

UPWELLING - a forcing of hypo! limnetic waters 

toward the surface, brought about by 
the tilting of the thermocline as a 
result of prolonged uni- directional 
wind stresses. An upwelling 

occurring along a nearshore area 
nearly always takes place 

s 1m u 1 1 an eou s 1 y with a d ownwe lit rig on 
the opposite shore. A downwelUng 
is a displacement of hypolimnetlc 
waters by warmer epi limnetic waters. 

XANTHOPHYCEAE - a class of algae often (yellow) 
green in colour. 




Well-equipped ships 3 suoh as the Guardian No.lj 
are used in surveillance and monitoring of the 
Great Lakes, 
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SYMBOLS AND ABBREVIATIONS 



QUALIFIERS 

< less than 
> greater than 

UNITS 



m 


meters 


iiig/L 


milligrams per litre 


ug/L 


micrograms per litre 


uS/cm 


microsiemens per centimetre 


FTU 


Formazin Turbidity Units 


°c 


Degrees Celsi us (centi grade ) 
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>< 

Q 

Z 

K 

Q_ 
< 



'00 



80° 00' 



43° 00" 



Spenc 




-44° 00' 



10 



10 20 30 

Kilometres 



40 50 



FOUR REGIONS OF LAKE ONTARIO 
NEARSHORE USED FOR TEMPORAL 
TREND DETERMINATIONS 



80° GO' 



79° 00' 

19 



78° 00' 



NIRGRRR RIVER TD dDRI>RN HRRBDUR 
RATI 6F DECREASE « 1.17 UB/L/YR 
STATISTICALLY SJ8NIFICAHT (951 CONFIDENCE LEVEL! 




m 

BE 



JQRDHN HRRBDUR TD DRKV I LLE 
BUTE OF DECREASE • |.ll U8/L/YR 

STATISTICALLY SIGNIFICANT (951 CQIFIDGiCE IEYEL) 




i i i_ 



J __i 1_ 



■' ' ' I L 



1 366 1967 ISfifl 1369 1 97fl (971 IS7S 1173 1 374 IB7K I37B 1977 19,70' 1979 

YEBR 




70 - 



50 - 



RSHBRID'GES BRY TD RdflX 
RATE OF DECREASE ■ i.19 UB/L/Yt 
STATISTICAL.LT SIGNIFICANT (951 CONFIDENCE LEVEL) 




TOTAL PHOSPHORUS 

TEMPORAL TRENDS IN FOUR REGIONS OF L. ONTARIO NEARSHORE 

20 



II - 



2S 



N I RERRH R I VER TO JORDAN HRRSDUR 
BATE OF DECREASE ■ I. IS UB/l/IR 

Ml STATISTICALLY SISIIFI'CANT £951 CONFIDENCE LEVEL) 



20 
J 
\ 

i 

3 IS 



5 - 



J_ — _ J - . — —i I 1 i I i i i i_ 1 



1317 IBSf 1969 1:970 l'371 1372 IS73 I97H 1975 IS7fi [377 I97B 1179 

yerr 



3 p 



HE 



20 
J 
\ 

m 

3 15 



ia 



I - 



dDRORN HRiRSDUR TO DiflKV I LLE 

RATE OF DECREASE « 1,15 UO/L/tB 

NOT STATISTICALLY SIBNIFICANT (9SX CONFIDENCE LEfELI 



t i f J i i i i i fiii 



1967 19GB !9E9 1978 1971 1972 1373 I ATI |H7S IB7B IH77 I97B 1979 

YEHR 



3E 



DRKVILLE TD H5HBR 1 DEES BRY 
SATE OF DECREASE « LIS U8/L/VR 

NOT STATISTICALLY SIGNIFICANT (951 CONFIDENCE LEVEL) 




i i I I 1 t 1 1 1 1 1 1 — i- 



1917 19GB (IBB 1970 1971 1973 1973 ISTH IS75 137S IB77 197B 1979 

YE PR 



30 - 



2S 



C0 



RSHBRIDEE5 BAY TD HdRX 
RAIE OF DECREASE * f.§P US/L/YR 

HOT STATISTICALLY SI8NIF1CANT (9SX CONFIDENCE LEVEL! 



t + 



J U— J - -I — u 



_[ I 1 I J L 



1SE7 I3BB 13G9 1 370 IB71 1172 IB73 197«4 (37S 197G 1977 1 976 I87B 



FILTERED REACTIVE PHOSPHORUS 

TEMPORAL TRENDS IN FOUR REGIONS OF L. ONTARIO NEARSHORE 

21 



HS0 - 



Hi00 - 



I SB 



NIRERRR RIVER TD JDRDRW HRRBDUR 

Hfl OF 1ECREASE -1.42 UI/L/lfl 

Ml STATISTICALLY SIGNIFICANT (951 CONFIDENCE LEVEL) 




J I I _L, 



last HE! I9E9 1370: 1971 1372 1373 1374 I37S 1376 1377 I97B 1373 

YERR 



HS0 



H00 - 



150 - 



lJDRORN HRRBDUR TD DRKV I'LLE 

KATE OF DECREASE • 1.26 M/L/YR 

NOT STATISTICALLY SIGNIFICANT CIS! CONFIDENCE LfSELJ 



j 350 
\ 

a 

D 300 






+ 


250 








200 


, 


i 





1 967 11EB 1963 1370 1971 1 971 1873 I37H 1175 1376 1177 II7B Ii7i 

YERR 



DRKVILLE TD RSHBRIDGE5 BRY 
BATE OF DECREASE • I. II M/L/YR 

NBI STATISTICALLY SIGNIFICANT (SIS CONFIDENCE LEIEL) 




150 - 



J I I I l__ 1 1 '_ _ _L — .---»--. i L 



H50 
H0B 



j 350 - 
\ 

a 

n 300 - 



250 
200 
150 



R5HBKIOEES iRY TD RiJflX 

RATE OF INCREASE * 1.19 UI/L/YR 

HOT STATISTICALLY SISNIFICANT (951 CONFIDENCE LOEL) 



1917 I IBB 1 363 1170 137! 1373 1373 1 37H 197S ISI7E 1377 IS7B 1373 



_! I I I I L 



1867 liEi I IB 1870 1971 1371 1973 137M 1 375 I37E 1977 1370 1373 



ORGANIC NITROGEN 

TEMPORAL TRENDS IN FOUR REGIONS OF L. ONTARIO NEARSHORE 

22 





NI'HBiRRR RIVER TO JORDAN HRRBDUR 










RATE IF IHCRCASE " 1 .«§ Ui/L/YR 










STATISTICALLY EI6NIFICANT (951 CONFIDENCE LEttLl 








H00 










3S0 






+ 


<*% 


300 




+ 






250 










200 


* ^-^^ 








150 


i.^-"! f i 4, l l J 1 1_ 


i 


r 





I9E7 I9EB 19E9 1 97B '1371 1172 1373 ISTf 197S 1 97G 1377 1971 1979 

YEAH 



400 - 



■JORDAN HRRBDUR TD ORKV I LLE 

BATE OF INCREASE * 1.67 ll/t/fl 

STATISTICALLY StONIFICAHT (951 CONFIDENCE LEIEL1 




I3B7 



I9EB If 1371 IP7( 1372 1973 I97M I37B I97B 1377 IS7B 1979 



H0I0 



3SI 



300 

\ 

13 

3 250 



200 



ORKV 1 LLC TD R5HBR ! DEES BRY 






RATE OF INCREASE - 1 .OS US/L/Yi 






STATISTICALLY SIB'NIFICANT (951 CONFIDENCE LEVEL) 


+ 


+ 


+ ^^ 














1 


i i f 



H00 



350 



j 301 - 

\ 

B 

3 2S0 



R5HBRIDEE5 BRY TO HdRX 

BATE OF INCREASE ■ 1.62 M/L/ll 

STATISTICALLY S18NIFICANT 1952 CONFIDENCE LEVEL] 



I960 I3E3 1370 1971 1972 IB73 I97N 1 B7S I97B 1977 I S7B ! 373 
YERR 



IBG7 I9EB I9B9 IS70 1971 1972 1973 197M IB7S 1 97B 1977 I B7B 1978 



NITRITE + NITRATE 

TEMPORAL TRENDS IN FOUR REGIONS OF L. ONTARIO NEARSHORE 
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NIHGRRH RIVER TD JORDRN HHRBDUR 

lit! OF DECREASE - 1.27 le/L/Yl 

STATISTICALLY tlSNIFICAMT tilt CONFIDENCE LEIELI 




JORDAN HflRBDLJ'R TD IDRKV I LLE 

IIIE Or DECREASE - 1,27 08/L/YR 

HOT STATISTICALLY SIGNIFICANT Oil CONFIDENCE LEfELJ 




i'SB7 I3BS 1 369 1970 1371 1372 1173 197H 1975 197E 1377 IS7B 1173 



ISB7 IBEi IHBS 1371 197! 1972 IS7I tS7M I37S I97E 1877 1 978 1979 

YERR 



DRKVILLE TD IR5HBR I DEES BAY 

RATE OF DECREASE - 1.22 U8/L/I1 

NOT STATISTICALLY SIGNIFICANT IS5I CONFIDENCE LEIEL) 




102 - 
90 
B0 

7fe] 

J! 

m ™ 

3 

£0 

30 
20 



R5HBRIDEE5 BRY TD FIJflX 






RATE OF DECREASE ■ 1.35 UO/L/YR 






STATISTICALLY SIBHIFICAHT (951 CONFIDENCE LEVEL! 












+ ^""~^-^^ 


+ 




r i i i i r — i r I 


[ 


& 1 1_^= 



'HE! I9ES 1871 19711 1972 1373 I37N 1975 IS7B 1977 1 97B 1173 
YEHR 



AMMONIA 

TEMPORAL TRENDS IN FOUR REGIONS 
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OF L. ONTARIO NEARSHORE 



500 - 



450 - 



400 - 



350 



300 



250 



N I HBHRH R I VEIR TO dQRDRN HRR6DUR 

RATE IF DECREASE - 1,11 U8/L/VR 

STATISTICALLY SIGNIFICANT till CONFIDENCE LEVEL) 



I 1 1 1 1 I i I i i i »' i 



1 317 I SE8 19B3 1370 1371 1372 1973 187^ 1175 1976 1377 I97B 1373 

YE BR 





lIDRDRN hrrbdur td drkville 








RATE Of DECREASE - 1.6? UO/L/YR 








HOT STATISTICALLY SIGNIFICANT £951 CONFIDENCE LEVEL! 
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*— - + 






300 


+ ~^+~^-—- — ^_____^ 


+ 




2S0 


i i i i i r i t J I — 


i 


f 



I1H7 I'ilB ISifl 1S7H 1 37.1 1372 1973 I97M 1375 1376 1377 I97B 1379 

YEfiR 



500 



450 



DRKVILLE TD R5HBR I DGE5 BAY 

RATE OF DECREASE ■ 1.11 li/L/YR 

+ 

h NOT STATISTICALLY SIGNIFICANT OSS CONFIDENCE LEf/ELJ 



300 



250 - 



J ' ' I I I L 



5010 



45! - 



flEHER I DEES BRY TD RdRX 

RATE OF DECREASE « 1.18 M/L/YR 

NOT STATISTICALLY SIGNIFICANT (SSI CONFIDENCE LEVEL! 




I I I 1 I I I 1 I L 



I9E7 ISli I3G9 1371 1371 1B72 ('373 197H 1375 I37E 1377 1 37B 1373 



1837 1 363 1333 1370 1971 1972 1973 I97H 1375 1976 1377 1 973 1379 



TOTAL KJELDAHL NITROGEN 

TEMPORAL TRENDS IN FOUR REGIONS OF L. ONTARIO NEARSHORE 
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PATE Of IECKAIE - 1. 112 M/L/TR 
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CHLOROPHYLL a 

TEMPORAL TRENDS IN FOUR REGIONS 
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OF L. ONTARIO NEARSHORE 
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£ 400 
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3 350 



300 
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NIRGHRR RIVER TD dORDRN HRRBDUR 

KITE OF DECREASE » 1.11 B8/CH/YR 

101 STATISTICALLY SIGNIFICANT (951 CONFIDENCE LE¥EL» 



J I i i_ 



J «_ 
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3 350 
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JORDAN HHRBDUR TD D IRi K V I LLE 

RATE If INCREASE -1.14 US/CH/YR 

HOT STATISTICALLY SIGNIFICANT (951 CONFIDENCE LEVEL} 



J _J_ 



J L 



_U I I L 



1 367 1366 fSE3 1 H7§ ! BT I 1173 1973 I37H !97£ I97E 1177 Ia7g 1373 

YEAR 



□ RKVILLE TO R5HBR t DEB BRY 

RATE Of INCREASE ■ I.IZ US/'GM/'YK 

NOT STATISTICALLY SIGNIFICANT {951 COMFIDENCE LEVEL) 
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r 400 
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II 
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350 



RSHBRIDEE5 BAY TD RdRX 

IRATE Of DECREASE - !0.il US/CH/YR 

NOT STATISTICALLY SIGNIFICANT (951 CONFIDENCE LEVEL! 
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CONDUCTIVITY 

TEMPORAL TRENDS IN FOUR REGIONS OF L, ONTARIO NEARSHORE 
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APPENDIX B 



29 





H O to 20 3D 40 SO 

I ■ ' I _L I I - 

Kitsmtms 



1976 



1977 




1978 1979 

NEARSHORE AREAS OF LAKE ONTARIO SURVEYED IN THE 1976 -1979 PERIOD 



30 



Station Locations 
Niagara to Oakviile 




Depths in metres 



31 




Station Locations 
Oakville to Scarborough 
1976 




Kilometres 




Depth in metres 



32 




Station Locations 

Scarborough to Cobourg 

1976 



4 



Depths, in metres 



33 



Station Locations 

Niagara to Oakvilte 

1977 




Kilometres 



Depths in metres 







Station Locations 
Oakville to Scarborough 
1977 





Depth' in metres 
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Station Locations 
Scarborough to Cobourg 
1977 



10 



4 



Depths in metres 



Station Locations 
Niagara to Oakville 




Kilometres 



Depths in metres 
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Station Locations 
Oakville to Scarborough 
1978 





Depth in metres 



38 




Stat ion Local ions 

Scarborough to Cobourg 

1978 



4 

N 



Kilometres 



Depths in metres 



39 




Station Locations 
Cobourg to Amherst Is 



10 5 Q^^^S 10 15 20 



Depths in metres 



40 



Stat ion Locations 

Niagara to Oakville 

1979 




5 10 

Kilometres 



Depths in metres 
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Station Location 
Oakville to Scarborough 



Kilometres 



^^ 




Depth in metres 



42 



WATER QUALITY VARIABLES SAMPLED BY THE 
MINISTRY OF THE ENVIRONMENT IN NEARSHORE AREAS OF LAKE ONTARIO 
DURING 1976-1979 SURVEY PERIODS 



YEAR 



YEAR 



1976 1977 1978 1979 



1976 1977 1978 1979 



Alkalinity x 

Bacteria, Heterotrophic x 

Bacteria, Fecal Coliforms x 

Bacteria, Streptococci x 

Bacteria, Total Coliforms x 

Bacteria, Pseudomonas x 

Calcium * 

Carbon, Inorganic, Organic * 

Chloride x 

Chlorophyll a x 

Chlorophyll _a (corrected) x 

Chlorophyll b x 

Conductivity x 

F 1 uor i de * 

Iron, Total * 

Magnesium * 

Nitrogen, Ammonia x 

Nitrogen, Nitrite + Nitrate x 



x 

■k 
■k 
•k 
■k 
* 

X 





* 

§ 
* 

x 
x 



* 
* 



X 
X 
X 
X 

* 

■k 

X 
X 



Nitrogen, Total Kjeldahl 


X 


X 


X 


X 


Oxygen, Dissolved 


X 


X 


X 


X 


Phenols 


* 


* 


• 





pH 


X 


X 


X 


X 


Phosphorus, Total 


X 


X 


X 


X 


P ho s ph or u s , R e ac t i ve 


X 


X 


X 





Phosphorus, Total Filtered 





X 


X 


X 


Potass i um 


* 


• 


• 


* 


Seech i Disk Depth 


X 


X 


X 


X 


Silicate, Reactive 


X 


X 


X 


X 


Sodium 


• 


* 


* 


• 


Solids, Total 


* 


•k 


• 


* 


Solids, Dissolved 


• 


k 


* 


* 


Solids, Suspended 


* 


k 


* 


* 


Sulphate 


* 


* 


• 


* 


Temperature 


X 


X 


X 


X 


Turbidity 


X 


X 


X 


X 


Water Depths 


X 


X 


X 


X 



All Stations 
Not Sampled 
Selected Stations 



Only 



SAMPLING DATES FOR 1976-1979 SURVEY PERIODS 



RUN 1 



1976 
RUN 2 



RUN 3 



RUN 1 



1977 
RUN 2 



RUN 3 



Niagara Ri ver 

to 
Stoney Creek 
April 6 


Stoney Creek 

to 
Ni agar a River 
April 7 


Ni agar a River 

to 
Stoney Creek 
April 9 


Hamilton 

to 
Etobicoke Creek 
April 10 


Etobicoke Creek 

to 
Hamilton 
April 12 


Hamilton 

to 
Etobicoke Creek 
April 13 


Etobicoke Creek 

to 
Ashbridges Bay 
April 14 


As hb ridges Bay 

to 
Etobicoke Creek 
Apri 1 16 


Etobicoke Creek 

to 
As hb ridges Bay 
April 17 


Scarborough 
to 

Whitby 
April 18 


Whitby 
to 
Scarborough 
April 19 


Scarborough 

to 
Whitby 

April 20 


Co burg 
to 
Whitby 
April 24 


Whitby 
to 
Co burg 
April 28 


Co burg 
to 
Whitby 
April 29 



Niagara River 

to 
Grimbsy 

11 10-12 



Grimbsy 

to 
Credit River 
April 15 



Credit River 

to 
Ashbridges Bay 
April 19 



Scarborough 

to 
Oshawa 

April 23 



Grimbsy 
to 

Niagara River 
April 13 



Credit River 
to 

Grimbsy 
April 16 



Ni agar a River 

to 
Grimbsy 

April 14 



Ashbridges Bay 

to 
Credit River 
April 20 






Grimbsy 

to 
Credit River 

•11 17 



Oshawa 
to 

Scarborough 
April 24 



Credit River 

to 
Ashbridges Bay 
April 21 



Scarborough 

to 
Oshawa 
April 25 



SAMPLING DATES FOR 1976-1979 SURVEY PERIODS (continued) 



RUN 1 



1978 
RUN 2 



RUN 3 



Niagara River 

to 
Stoney Creek 
April 13-16 


Stoney Creek 
to 

Niagara River 
April 17 


Niagara River 

to 
Stoney Creek 
April 22 


Hamilton 

to 
Credit River 
April 23 


Credit River 

to 
Hamilton 
April 24 


Hamilton 
to 

Credit River 
April 25 


Lakeview 

to 
Ashbridges Bay 
April 26 


Ashbridges Bay 

to 
Lakeview 
April 27 


Lakeview 

to 
Ashbridges Bay 
April 28-30 


- 
Scarborough 

to 
Qshawa 
May 2 


Qshawa 

to 
Scarborough 
May 3 


Scarborough 

to 
Oshawa 
May 7 


Bowmanvill e 

to 
Col borne 

May 9 


Col borne 

to 
Bowmanvill e 
May 10 


Bowmanvill e 

to 
Col borne 
May 1 


Scotch Bonnet Is, 

to 
Amherst Is, 

May 17 


Amherst Is. 

to 
Scotch Bonnet Is. 

May 18 


Scotch Bonnet Is. ■ 
to 

Amherst Is. 

May 19 



RUN 1 



1979 
RUN 2 



RUN 3 



High! and Cr. 

to 
Ontario Place 
April 19 


Ontario PI ace 

to 
Highland Cr. 
April 28 


-^ — — — 

Highland Cr. 

to 
Ontario Place 
April 29 


Ontario Place 

to 
CI ark son 
April 20 


Clarkson 

to 
Ontario Place 
April 27 


Ontario Place 

to 
Clarkson 
April 30 


Port Credit 

to 
Burlington 
April 21 


Burlington 

to 
Port Credit 
April 26 


Port Credit 

to 
Burlington 
May 1 


Hamilton 

to 
Niagara River 
April 22-23 


Niagara River 

to 
H ami 1 ton 
April 24-25 


Hamilton 

to 
Niagara River 
May 2-3 



45 



o 
>< 

Q 
Z 
LU 
Q_ 
Q. 

< 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



79° 00' 



PLATE 1 

TOTAL PHOSPHORUS (/ig P/L) 

SPRING 1976 




HAMILTON 



— 43° 0.0' 



N 


Mean 


S.D. 


Range 


20 


20 


3 


14 - 35 


43 


38 


12 


24-85 


5 


104 


32 


103 - 134 



10 

—L- 



20 
Kilometres 



30 
— '— 



40 



80° 00' 



79° 00' 



78° 00* 



44° 00' — 



43° 00' — 



47 



LAKE ONTARIO NIARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



I 

80° 00' 



PLATE 2 

FILTERED REACTIVE PHOSPHORUS {fig 

SPRING 1976 




Bur ling tort 
HAMILTON— 



— 43° 00' 



Zo'it© 


N 

58 
98 
12 


Mean 

4 
9 

50' 


S.D. 

1 

.2 
22 


Range 

2-6 

5-22 

23 - 98 


43° 00' - 











10 



20 



30' 



40' 



Kilometres 



80" 00' 



79° 00* 

I 



?8 D 00' 



48 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 

I 



- 43° 00* 



—J— 

80° 00' 



78° 00' 



PLATE 3 

ORGANIC NITROGEN (fig 

SPRING 1976 




Burttngtp« 

SpgCfe 

HAfl/tlLTQN 





127 
36 

3 


261 




375 




556 



10 



20 
-i 



30 
_JL_ 



40 
_J 



Kilometres 



80° 00' 



SJD, 

32 
45 

16 



Range 

189 - 330 
318 - 504 
544-567 



78° 00' 



44« 00' - 



43° 0( y _ 



49 



LAKE ONTARIO NEAR3HQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



I 



PLATE 4 



- 44° 00' 



NITRITE AND NITRATE (fig N/L) 

SPRING 1976 




HAMILTON 



- 43" 00' 





9 




33 




95 




18 




8 




5 



Mean 

216 
242 
293 
358 
450 
775 



10 



20 
Kilometres 



30 



40 



SO 00' 



>.D. 


Range 


5 


207 - 220 


10 


220 - 258 


16 


262 - 330 


27 


323 - 418 


45 


413 - 537 


214 


612 -1,450 



78 s 00' 



44° 00' — 



43 s 00' 



50' 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 

J 



— r— 

80° 00' 



78° 00'* 



— 44° 00' 



PLATE 5 

AMMONIA (/igN/L) 

SPRING 1976 




Bur ting ton 

sp£2 ^££*< 

HAMILTG 



Stoney Creek* 



10 
I 



20 



30 



40 

_j 



Kilometres 



80° 00' 
—J— 



79* 00' 
I 



Zone 


N 

131 
28 

9 
2 


Mean 

16 
92 
466 
2,300 


S.D. 

8 
55 
204 
901 


Range 




3-39 




33 - 203 




272 - 789 




1,670 - 2,940 



78° 00' 



44° 00' — 



51 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



79° 00' 



PLATE 6 

REACTIVE SILICATE (pg Si/L) 

SPRING 1976 



Spgnc 



T 




— 43° 00' 



ZOflG 


N 

34 

22 

102 

10 


Mean 

60 
108 
272 

510 


s.o, 

10 
23 
50 
80 


Range 

50-75 

75 - 183 
150 - 400 
387-633 43° oo'- 











10 



20 



30 

■ 



40 



Kilometres 



79° 00/ 



78° 00'' 



52 



LAKE ONTARIO NEAR8HQRE WATER QUALITY ATLAS 



— 44" 00' 



80° 00' 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 

I 



79° 00' 



PLATE 7 

SECCHI DEPTH (m) 

SPRING 1976 




— 43° 00' 



Zone 


N 




1 




5 




16 


— 


41 
102 



Mean 

6.5 
5.5 
3.7 
2.9 
1.7 



to 



20 



30 



40 



60° 00' 



Kilometres 



79° 00' 



.35 
.67 
.28 
.56 



Range 

5,0 - 6.0 
3.5-4.5 
2.6-3.5 

0.2 - 2,5 



78° 00' 
_J 



44° 00' — 



53 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



T 



79° 00' 



PLATE 8 



— 44° 00' 



CHLOROPHYLL m (jug/L) 

SPRING 1976 




SpS %I 

HAMILTON 



Mean 



- 43° 00' 





64 

77 

24 

2 

1 


2.6 
5.5 
9.5 
18.1 
36.0 


.65 




1.13 




1.27 




2.33 







to 



20 



30 

-I 



40 



80° 00' 
—I— 



Kilometres 



79 B 00' 

I 



Range 

1.5-4.1 

3.8 - 7.6 

7.7-12.5 

16.3 - 19,8 



78° OQ' 

_l 



44° 00' - 



43° 00' - 



54 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES iRANCH 



78° 00'' 



79° 00' 



PLATE 9 



HETEROTROPHIC BACTERIA (counts/ml) 

SPRING 1976 




Geometric 



- 43° 00" 



N 


Mean 


16 


11,300 


62 


107,000 


11 


271,000 



Range 

3,500 - 21,200 

24,400 - 225,000 

204,000 - 486,000 



10 



20 

—I— 



30 

1 



40 



Kilometres 



60° 00' 



79° Off 

I 



78° 00' 



44 s 00' 



43° 00' - 



55 



LAKE ONTARIO NEARSHGRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



79° 00' 



PLATE 10 



CONDUCTIVITY (^3 

SPRING 1976 




Mean 





5 
131 


284 
330 


2,8 
5.9 


282- 
305- 


■288 




■342 




21 


352 


7.1 


343- 


-370 




6 
3 
1 


389 
417 
460 


14.8 
10.3 


372- 
403- 


- 408 




-427 







10 



20 
■ 



30 

i 



40 
_1 



aoi° oo' 



Kilometres 



79 s 00' 



78° 00' 



56 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



ao ; oo' 



79'- OO 1 ' 



PLATE 11 

TEMPERATURE (°C) 

SPRING 1976 




44° 00' - 



Zone 





1.0 - 2.0 




2.0 - 4.0 




4.0 - 6..G 




> 6.0 



10 



20 
_l 



30 

i 



-10 



Kilometres 



80"' 00' 



79° 00' 
1 



43° 00" - 



78" 00' 



57 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



80° 00' 



79° 00' 



PLATE 12 



TOTAL PHOSPHORUS (figP/L) 
SPRING 1977 




10 



20 



Kilometres 



30 

_J_ 



40 



80° 00' 



79" 00' 



N 


Mean 


S.D. 


Range 


125 


19 


7 


15-24 


24 


37 


16 


24-88 


5 






56 - 508 



78° 00' 



44° 00' — 



43° 00' — 



58 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 

I 



79° 00' 



PLATE 13 

FILTERED REACTIVE PHOSPHORUS ( 

SPRING 1977 




Burlington 



10 20 



3U 



40 
_J 



80° 00' 



Kilometres 



79" 00" 
I 



Zone 


N 

44 
98 
13 
1 


Mean 

4 

7 

20 

67 


S.D, 

11 
1 

12 


Range 




2-5 




5-13 




11 - m 







44 s 00' - 



43* 00' — 



78° 00' 
I 



59 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



79= 00' 



" J— 

78° 00' 



PLATE 14 

ORGANIC NITROGEN (fig N/L) 

SPRING 1977 




Mean 





139 

14 
6 


253 

381 


27 




44 



10 



20 
_j 



30 
-l" 



40 

_J 



Kilometres 



80° 00' 



79° 00' 

I 



Range 

200 - 322 

319 - 462 
475 - 1,535 



78° 00' 



44° 00' - 



43" 00' 



60 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



T" 



— 44 c 00' 



78° 00' 



PLATE 15 

NITRITE AND NITRATE {fig N/L) 

SPRING 1977 





cTw 



Burlington 



Sianey Cnftek 




■ 43° 00' 



10 



20 



30 
I- 



40 

_! 



Kilomei/es 



80° 00' 
I 



agara-on-the-Lake 

2 



Zone 




N 

i 

125 

19 

2 

2 



Mean 

231 
297 
357 
581 
789 



79° 00' 



3-D. 


Range 


10 


218-242 


17 


245 - 330 


28 


332 - 455 


152 


460 - 675 


273 


595 - 982 



78° 00' 



43° 00' - 



61 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 

if 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



i— 44° 00' 



79° 00' 



PLATE 16 

AMMONIA (/ig N/L) 

SPRING 1977 



Bur ling toft 

HAMILTON 

:$loney : Crp*k» 



TB° 00' 




Zone 


N 


Mean 


S.D. 


Range 




113 
33 


n 

71 


4 
72 


5-23 




19-348 




8 






1,160 - 3,460 



10 



20 



30 
I 



40 



Kilometres 



SO 1 ' 0, 00" 



79« 00' 
I 



78° 00' 



44* 00* - 



62 



LAKE ONTARIO' NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



— F— 

80° 00' 



79° 00' 



78° 00' 



PLATE 17 



REACTIVE SILICATE {^g Si/L) 

SPRING 1977 



Spen, 




Mean S.D. 

104 31 



— 43° 00 1 ' 



10 
_JK_ 



2C 



31) 



40 



L 



Kilometres 



80° 00' 



79° 00' 



63 



Range 

50-175 
167 - 833 



78° 00' 



44° 00' 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 

I 



— IT— 

80° 00' 



79° 00' 



— 44° 00' 



PLATE 18 

SECCHI DEPTH (m) 

SPRING 1977 



- 43° 00' 




BurlhngtQO 



N 


Mean 


S.D 


2 


8.7 


.47 


31 


6.9 


,58 


66 


4.7 


.64 


29 


2.7 


.44 


24 


1.4 


.37 



10 



20 



30 
-J -- 



—i 



80° 00' 

L. 



Kilometres 



79" 00' 



Range 

8.3 - 9.0 
6.0 - 8.1 
3.6 - 5.8 
2.0 - 3.5 
0.5 - 1.9 



78° 00' 
I 



44" 00' - 



64 



LAK1 ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



PLATE 19 

HETEROTROPHIC BACTERIA (counts/ml) 

SPRING 1977 




Burlington 



Zone 



N 


Geometric 
Mean 


Range 


1 


1,100 




37 


31,600 


6,600-80,700 


23 


183,000 


95,600 - 430,000 


4 


471,000 


445,000 - 747,000 



10 



20 



30 



40 



Kilometres 



79° 00' 



78° 00' 

1 



43° 00' — 



65 



LAKE ONTARIO NEARSHQRE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



—J— 
78 s 00' 



PLATE 20 



— 44° 00' 



- 43° 00' 



CONDUCTIVITY (fiS/cm) 

SPRING 1977 




Burlington 
HA MILT 



10 



20 

=1= 



30 



40 



Kilometres 



80° 00' 



79° 00' 



66 



Range 

299 - 309 
332 - 363 
372 - 433 
422 - 600 
493 - 590 



78° 00' 



44" GO' 



43° 00' - 



LAKE ONTARIO NEARSBORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



79° 00' 



PLATE 21 

TEMPERATURE (°C) 

SPRING 1977 



Sp%0£ 



Zone 


Range 




1.0-2.0 




2.0 - 4.0 




4.0-6.0 




>6.0 



'0 



20 



30 



40 



80° 00' 



Kilometres 




44° 00* — 



43" 00' - 



78" 00' 



67 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 

I 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



PILATE 22 



TOTAL PHOSPHORUS (jugP/L) 

SPRING 1978 



%\ 76' 00' 




10 



20 30 40 



43 00' 



80 5 00' 

' i 



Kilometres 



79° 00' 

1 



78 00' 



77° 00' 



43° 00'- 



76° 00' 

1 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



80- 00' 



e< 76° 00' 



PLATE 23 



FILTERED REACTIVE PHOSPHORUS (fig P/L) 

SPRING 1978 




Zone 


N 

25 

125 
5 
3 


M 


ean 

3 
7 

15 
44 


S.D, 

1 

2 
19 


Range 




1-5 




4=10 




11-18 




27-65 



- 43° 00' 



80' 00' 




20 30 40 



Kilometres 



jg°oo' 



78° 00' 

" 



77° 00" 
" 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



44° 00' 



79° 00 



78° 00' 



PLATE 24 



ORGANIC NITROGEN (/jg N/L) 
SPRING 1978 



,@t 76° 00" 




10 
I 



20 



Kilometres 



80"-' 00' 



79° 00" 



78 •' 00' 
I 



77° 00' 



30 40 



43 c 00' - 



76° 00' 

I 



70 



LAKE ONTARIO NEARSHORE WATEiR QUALITY ATLAS 
I 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



44" 00' 



PLATE 25 



E AND NITRATE (^g N/L) 

SPRING 1978 



80" 00' 

1 



79° 00' 
1 



Zone 


N 

8 

9 

104 

27 
7 
3 


Mean 

236 
265 
322 
395 

500 


S.D. 

1 

9 

16 
4.2 
36 


Range 




220 - 247 




253 - 278 




283 - 353 




353 - 555 




462 - 567 




680 - 1,650 




1 



e< 76° GO' 




10 



20 
[ 



30 



40 



Kilometres 



77° 00' 
I 



43° 00' - 



76' 00' 



71 



LAKE ONTARIO 1 NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



78" 00' 



PLATE 26 



AMMONIA (^ugN/L) 

SPRING 1978 




- 43° 00' 



80° 00" 

1 



10 



20 



30 
i 



Kilometres 



79° 00' 
1 



78- 00' 
I 



77° 00' 



40 



re oo' 
1 



72 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



I 
ft! 76° 00' 



I 

80° 00' 



79° 00 



PLATE 27 



REACTIVE SILICATE (^ug Si/L) 
SPRING 1978 




Zone 


N 

8 
104 
22 

1 


Mean 

65 
166 
307 
767 


S.D. 

m 

37 
71 


Range 




50 - 83 




100 - 283 




233 - 500 








- 43° 00" 



80 " 00' 

1 



10 



50 



30 
■ 



4 



Kilometres 



79° 00' 



m° oo' 

1 



43° 00' 



76" 00' 



73 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 

1 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 




LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



PLATE 29 



CHLOROPHYLL § (jug/L) 

SPRING 1978 




20 

' - 



30 40 

_i _l 



Kilometres 



80' 00' 



78 ' 00' 
1 



76 ; 00' 



43° 00' 



75 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



ef 76^ 00' 



iPLATE 30 



HETEROTROPHIC BACTERIA (counts/ml) 

SPRING 1978 




-43-'' 00' 



10 20 30 40 

« 1 1 J 

Kilometres 



79 c 00' 



78" 00' 
1 



77° 00' 



43 J 00'- 



76" 00' 

1 



76 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 




LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 




- 44° 00' 



PLATE 32 

TEMPERATURE (°C) 

SPRING 1978 



- 43° 00' 



80'- 00' 

1 



10 

— L_ 



30 

« 



40 
_l 



Kilometres 



79° 00' 



77° 00' 



76" 00' 



43° 00' 

76° 00' 



78 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



I 

80° 00' 



79° 00' 



78° 00' 



PLATE 33 

TOTAL PHOSPHORUS ( 
SPRING 1979 





10 



20 
_J 



30 



40 



Kilometres 



80" 00' 



iagara-on-the-Lake 

2 



79" 00' 



Zone 


N 

127 
41 

6 


Mean 

17 
25 


S.D. 

2 
5 


Range 




13 - 22 




21-42 




38-138 



78° 00' 



44° 00' - 



43° 00' - 



79 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



PLATE 34 



— 44° 00" 



ORGANIC NITROGEN (//g N/L) 
SPRING 1979 



Bur ^iog toft 




10 



20 

_j 



30 



40 



80° 00' 



Kilometres 



79° 00' 

I 



S.D. 


Range 


22 


164 - 258 


23 


260 - 344 


33 


353 - 415 




559-1,030 



78° 00' 



44° 00' - 



43° 00' — 



80 



LAKE ONTARIO NEARSHORE WATER QUALITY ATLAS 



MINISTRY OF THE ENVIRONMENT - WATER RESOURCES BRANCH 



- 44° 00' 



— t— 

80° 00' 



78° 00' 



PILATE 35 



NITRITE AND NITRATE {/i 
SPRING 1979 





10 



20 

- J - 



30 

■ 



40' 
__J 



Kilometres 



80° 00' 



agara-on-the-Laka 
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